This paper is the first molecular phylogenetic study on Brugia parasites (family Onchocercidae) which includes 6 of the 10 species of this genus : B. beaveri Ash et Little, 1964; B. buckleyi Dissanaike et Paramananthan, 1961 ; B. malayi (Brug,1927) Buckley, 1960 B. pohangi, (Buckley et Edeson, 1956) Buckley, 1960 B. patei (Buckley, Nelson et Heisch,1958) Buckley, 1960 and B. limori Partono et al., 1977. Hha I repeat sequences are 322 nucleotides long, highly repeated, tandemly arranged and unique to the nuclear genomes of the genus Brugia. Hha I repeat 
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This paper is the first molecular phylogenetic study on Brugia parasites (family Onchocercidae) which includes 6 of the 10 species of this genus : B. beaveri Ash et Little, 1964; B. buckleyi Dissanaike et Paramananthan, 1961 ; B. malayi (Brug,1927) Buckley, 1960 ; B. pohangi, (Buckley et Edeson, 1956 ) Buckley, 1960 ; B. patei (Buckley, Nelson et Heisch,1958 ) Buckley, 1960 and B. limori Partono et al., 1977 . Hha I repeat sequences are 322 nucleotides long, highly repeated, tandemly arranged and unique to the nuclear genomes of the genus Brugia. Hha I repeat sequence data was collected by PCR, cloning and dideoxy sequencing. The Hha I repeat sequences were aligned and analyzed by maximum parsimony algorithms, distance methods and maximum likelihood methods to construct phylogenetic trees.
Bootstrap analysis was used to test the robustness of the different phylogenetic reconstructions. The data indicated that the Hha I repeat sequences are highly conserved within species yet differ significantly between species. The various tree-building methods Edeson, 1956) Buckley, 1960; B. patei Buckley, 1960; B. pahangi (Buckley et Edeson, 1956) et al., 1988) . Since the ribosomal DNA spa cer region sequences were unable to resolve the phylogenetic relationships among the Brugia species in a previous study (Xie et al., 1994) , Hha I repeat sequences were used to investigate the phylogenetic relationships among the six species in the genus Primer 1: 5'-GCGCATAAATTCATCAGC-3';
Primer 2: 5'-GCAAAACTTAATTACAAAAGC-3'.
All PCR reagents except primers, templates and double distilled water (ddH20) were from the GeneAmp PCR kit purchased from Perkin-Elmer Cetus 
Cloning and sequencing of the PCR amplified Hha I repeat sequences and sequence data analysis
The details of the procedures were described in our previous paper (Xie et al., 1994) . Please refer to it for more information.
RESULTS

DNA SEQUENCE COLLECTION AND ALIGNMENT
he head-to-tail tandem organization of Hha I repeats is shown in Fig. 1 . At least three sequences were obtained for each of the six species. These sequences plus previously unpubli shed sequence data from our database were used for deriving consensus sequences. Hha I repeat sequences within each species share 99% similarity (data not shown). Consensus sequences for each of the six species were derived and aligned to one ano ther. The portion of the aligned sequence data matrix which is the input for the tree reconstruction algo rithms is shown in Table I .
MATERIALS AND METHODS
PARASITE MATERIALS
Parasite. 1994. 1 255-260 
PHYLOGENETTC TREE RECONSTRUCTION
Analysis by maximum parsimony method (Swofford, 1993) Search settings :
Exhaustive search option was used. Gapmode was set to newstate. Brandies having maximum length MOLECULAR PHYTOGENETIC STUDIES ON BRUCIA IILARIAE zero was collapsed to yield polytomies; topological constraints were not enforced; trees were unrooted; multi-state taxa was interpreted as polymorphism; character-state optimization was by accelerated trans formation.
Search results :
One shortest tree of length 87 was found in this search (Fig. 2) , which is one step shorter than the Both neighbor-joining and maximum likelihood methods yield trees identical to the tree generated by the parsimony analysis (Fig. 2) . They are not shown here.
Analysis by bootstrap methods (Felsenstein, 19135) Bootstrap analyses were done with parsimony algo rithm, neighbor-joining algorithm and with maximum likelihood algorithm (Table II However, the same topologies were still obtained even if multi-state taxa were treated as uncertainty, in which case the consistency indices were improved dramatically (data not shown). This observation is due to the presence of a large amount of nucleotide polymorphism in the data set. The tree length distri bution is heavily skewed (data not shown) indicating that a significant degree of phylogenetic information is contained in the data set (Hillis, 1991) . The exhaus tive search yielded one shortest tree (Fig. 2) which unambiguously resolved the branching order of the six species of Brugia. However, this tree was not roo ted because there is no otitgroup available (Hha I repeats were only found in Brugia species).
Distance analysis and maximum likelihood analysis :
Distance methods including UPGMA (Sneath and Sokal, 1973), neighbor-joining, Fitch-Margoliash (Fitch-Margoliash, 1967) Analysis by Neighbor-joining method (Saitou and Nei, 1987) In this study, algorithms from all three major catego ries were applied to the bootstrapped replicates. All three bootstrap analyses (Table II) (Fig. 2) .
The Hha I repeat sequence data in this study showed distinctive patterns with respect to individual species (Except B. malayi and B. timori. Table I ). This is a good example of the congruence among morphologi cal data. B. timori and B. malayi were shown to be very closely related from both the Hha I repeat data and the 5S rDNA spacer region sequence data (Xie et al., 1994) . Both the 5S spacer region sequences and the Hha I repeat sequences from the two species are virtually identical. Morphologically (Partono et al., 1977) , these two species distinguish themselves from the other Brugia species by having a left to right spicular ratio of 3.0 (in the males) which is the biggest in the genus. The microfilariae of B. timori differ from the microfilariae of B. malayi in having a grea ter total body length and a long cephalic space. Overall, these two species are the most closely rela ted among the Brugia species morphologically and molecularly. These two species may have been sepa rated too recently to show any DNA sequence varia tion between them.
It should be noted that B. malayi has a relatively wide distribution in Southeast Asia and has marked intraspecific variations both morphologically (Bain et al., 1988) and biologically (e.g. periodicity). Hha I repeat sequences from B. malayi were also collected with regard to different geographical origin with dif ferent morphology (strains from China and India), to their periodicity and to their host specificity by Freedman (1991) and Xie (1993 (Fig. 2) .
